A number of theoretical approaches to understanding the etiology of ejaculatory dysfunction have been proposed, but no study has yet found conclusive evidence that premature (PE) or delayed (DE) ejaculation is under genetic control. We conducted twin model fitting analyses on different indicator variables of ejaculatory function on a population-based sample of 3946 twins and their siblings (age 18-48; mean ¼ 29.9 years) to investigate genetic, shared environmental and unique environmental effects on PE and DE. A significant moderate genetic effect (28%) was found for PE. No clear-cut familial effect could be detected for DE. Significant associations between ejaculatory function and age were detected, but effects of age were generally very weak. The findings from the present study provide useful information regarding the etiology and understanding of ejaculatory dysfunction.
Introduction
Premature ejaculation (PE) is one of the most commonly reported sexual dysfunctions in men. 1 Prevalence estimates of PE vary widely between studies, with reports ranging from around 3% 2 to around 30% 3 depending on definition and diagnostic criteria. For its etiology, psychological, environmental and contextual factors are all still being considered, 4, 5 whereas recent research has focused on neurobiological, 6 endocrine 7, 8 and genetic explanatory frameworks. 9, 10 In recent years, researchers have tended to favor theoretical approaches that incorporate several different etiological factors to PE. For instance, Waldinger and Schweitzer 11 have proposed a system dividing PE into four subtypes as a function of the intravaginal ejaculation latency time (IELT) and their courses in life. The different subtypes are hypothesized to have different etiologies, with lifelong PE thought to be mostly neurobiological and/or genetic in nature, whereas the other types are thought to have a psychological or medical etiology. This approach, if proven to be empirically valid and clinically suitable, allows for the inclusion of different etiological frameworks.
Delayed ejaculation (DE) is a less common sexual dysfunction, and few studies have looked into its etiology. 12 Approximate prevalence estimates of DE in sexually active men have been reported to be 1-4%, 12, 13 whereas Nathan 14 found the prevalence to be as low as 0.15% in the general male population. Rosen 12 suggested that DE may be associated with a variety of surgical or medical conditions, and in most cases, the use of antiadrenergic or neuroleptic drugs. Jern et al. 10 found a moderate familial effect active in DE, but results were inconclusive regarding separation between shared environmental and genetic effects. Indeed, they concluded that the probability of a genetic etiology in DE is negligible.
A genetic etiology to PE in humans has been suggested already in the 1940s, when Schapiro 15 noted (among other findings) that PE seems to be familial. This conclusion has since been supported by Waldinger et al. 9 They found that the odds of the problem co-occurring between family members were considerably higher than those expected solely on the basis of prevalence rates in the population. The authors concluded that this observation supports the role of genetics in affecting PE. Although plausible, familial resemblance in itself cannot prove genetic influence, as individuals who are genetically related also most often share their environment to some extent. Therefore, shared environmental factors could also explain a familial occurrence of PE. Jern et al., 10 in a population-based study of Finnish men, found a highly significant familial effect in PE, which strong implications that this effect be genetic. However, they were not able to separate clearly the genetic effects from shared environmental effects, probably because of insufficient statistical power. Furthermore, animal studies have revealed that mice lacking the gene for endothelial nitric oxide synthase develop symptoms similar to PE, whereas mice lacking the gene for heme oxygenase-2 develop DE or anejaculation. 16 However, no study has to date, empirically or otherwise, proven a genetic effect on PE in humans, although results of these preliminary studies have been encouraging. Age has historically been thought to be an important causal factor of PE, but research conducted in recent years has indicated that this may not be the case. For example, Rosen 12 noted that the prevalence of PE is stable across age groups, and Waldinger et al. 17 found that median IELTs actually decreased with age.
The aim of this study was to examine a number of different indicator variables of ejaculatory function and performance, and to what extent genetic and environmental effects are active in ejaculatory dysfunction. In continuation of the results of Jern et al., 10 PE was expected to be under moderate genetic influence, whereas no such effects were expected for DE. Instead, shared environmental factors were hypothesized to have some effect on DE. Finally, the effects of age on different PE indicator variables were investigated, with little or no effects of age expected.
Materials and methods

Participants
The analyses presented in this study were based on 3946 male twins and their siblings who had provided information on their ejaculatory function. The mean age of the men was 29.92 (s.d. ¼ 6.91) years. The sample consisted of 933 monozygotic (MZ) twins, 1104 dizygotic (DZ) male twins, 921 male twins from opposite-sex DZ twin pairs, 136 male twins whose zygosity could not be determined and 852 male siblings of twins.
Participants were a subset from the Genetics of Sex and Aggression (GSA) sample. The main GSA sample consists of two different data collections. The first data collection was carried out in 2005 and targeted 33-to 43-year-old twins. The second data collection was carried out in 2006 and targeted 18-to 33-year-old (there was no overlap between the data collections) twins and their over 18-year-old siblings. The individuals targeted for the second data collection were contacted by postal mail and asked if they would be interested in completing a questionnaire and to give saliva samples for DNA and hormone analyses (as the present study does not report on the DNA and hormone samples, no further information is given regarding them). The research plan for the first data collection consisting only of a questionnaire study was approved by the ethics committee of the Department of Psychology at Å bo Akademi University and for the second data collection also including DNA and hormone samples by the ethics committee of the Å bo Akademi University. For more information regarding the sample, please consult Santtila et al.
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Instruments Ten questions were used to tap objective and subjective aspects of ejaculatory function. The questions were designed to take different definitional aspects into account (for example, ejaculation latency time, subjective experience, frequency of ejaculatory problems, number of thrusts). To avoid heterosexist bias and exclusion of both female-male and malemale anal intercourse, we used a gender-neutral definition of ejaculation latency time inclusive of anal intercourse. The questions were adapted from an unpublished questionnaire developed by Grenier and Byers 19 (see Jern et al. 10 for details).
Factor analyses
First, exploratory factor analyses (EFAs) were conducted on raw data. Variables not distributed normally were subjected to either logarithmic or square-root transformations. After excluding participants with more than 50% missing values, 3912 men were selected for the EFA, starting with a principal components analysis. Missing values were replaced with item-specific means. Second, based on the results of the EFA, confirmatory factor analyses were conducted. Given the relatively large sample size, and the fact that the individual variables were on the ordinal level, we opted for the asymptotically distribution-free estimation method. 20 To improve model fit, the error terms between two variables ('feeling of control' and 'tried to slow down intercourse') were allowed to correlate.
The associations between ejaculatory function and age were measured with the Complex Samples General Linear Model application of SPSS 14.0. This procedure allows for correlated data and adjusts the estimates of standard errors, which was necessary for the present data consisting of responses by siblings and twins. We performed these analyses on the individual items as well as the composite variables.
Genetic modeling
The present sample yielded 228 complete MZ pairs (r g ¼ 1.0), 225 complete DZ pairs with an additional Genetic effects on ejaculatory dysfunction P Jern et al 349 complete twin-sibling or sibling-sibling pairs (all other types of brother pairings have a genetic resemblance of around 50%; thus r g ¼ 0.50 for all pairings except MZ twins). In 683 families, at least two family members had answered the questionnaire, with the highest number of participating male family members being six (one twin pair and four additional brothers). First, we tested for age effects on the composite variables. As small, but significant, age effects could be detected for two out of three composite variables, an age regression was performed on all variables before genetic model fitting.
Next, we compared the different twin groups (monozygotes, dizygotes from an all-male twin pair, dizygotes from an opposite-sex twin pair and twins whose zygosity could not be determined) with one another to check for level differences between the groups. No such differences could be detected (all Ps40.941). Thus, dizygotes from both all-male and opposite-sex twin pairs were selected into the same group for the genetic analyses, resulting in one group of MZ twins (r g ¼ 1.0) and one group with all additional combinations of twins and siblings (r g ¼ 0.5). In addition, for those twin pairs whose zygosity could not be determined by standard criteria, one twin of each full nondetermined twin pair was randomly selected to this group in order not to lose information from the pairings of the siblings with one of the twins.
Phenotypic correlations with adjacent 95% confidence intervals were then calculated for both factor models using the composite variables. Genetic effects were expected to be present if the correlation of the r g ¼ 1.0 group was substantially larger than (that is, around twice) the correlation of the r g ¼ 0.5 group (should the correlations of the r g ¼ 1.0 group be notably larger than twice those of the r g ¼ 0.5 group, there would be reason to expect dominance effects). The calculations were carried out with the Mx statistical package. 21 We also tested for differences in means and standard deviations between the groups. Next, the composite variables were used in a univariate model-fitting Mx script with full-information maximum likelihood analysis. Excluding epistatic interaction and dominance, we considered three sources of variance: additive genetic effects (A), shared environmental effects (C) and nonshared environmental effects (E). After examination of the phenotypic correlations, we decided to fit the ACE model for all variables. After the full model (ACE) was fitted to the data, it was followed by an AE model, a CE model and an E model containing only nonshared environmental effects. An AE model tests the fit of a model in which the component measuring shared environmental effects has been omitted against the full ACE model measuring all three components, such as additive genetic effects (A), shared environmental effects (C) and nonshared environmental effects (E), the latter also including measurement error. If the fit of the simpler or nested model (that is, with omitted components; in this example the AE model where the C component has been dropped) does not decrease significantly from that of the full ACE model, the dropped component has very little or no measurable effect on the phenotype, and the nested model should be preferred. 21 The fit of the different models was compared by taking the fit function (À2 Â log-likelihood of raw data) and the degrees of freedom of the ACE model, and subtracting it from the fit function and degrees of freedom of the AE, CE and E models. The subtraction gives a w 2 -value with associated degrees of freedom, which in turn can be tested for significance. Between models with equal fit according to the w 2 -test, the Akaike's Information Criterion (AIC) was used as an additional index of model fit. 22 
Results
Exploratory factor analyses A principal components analysis revealed four factors with an eigenvalue exceeding 1, with the scree plot suggesting a two-factor solution to be the best suited. The resulting two-factor solution replicated the finding of Jern et al., 10 with one variable ('tried to slow down intercourse') having a complex loading. Overall, test statistics indicated good factorability (KMO measure of sampling adequacy ¼ 0.693; Bartlett's test of sphericity Po0.001). As previous research has suggested a unidimensional construct, we also extracted a onefactor solution. Factor loadings for the one-and twofactor solutions can be seen in Table 1 . Genetic effects on ejaculatory dysfunction P Jern et al
Confirmatory factor analyses
We began this procedure by computing two different two-factor models. In the first of these, the variable 'tried to slow down intercourse', which had complex loadings (that is, reasonably strong loadings on each of the two factors in the EFA), was loaded on the PE factor. In the second of these, this variable was loaded on the DE factor. Table 2 . As the model fit results for the one-factor solution were rather inadequate in both factor analyses, we proceeded using only the two-factor solution selected for all subsequent analyses. Hence, two different composite variables (measuring PE and DE; respectively) were computed.
Significant age effects were detected for some of the variables. For the composite scores, age had a significant but weak association with PE (r ¼ 0.037, Po0.05; F ¼ 4.269, P ¼ 0.039; R 2 ¼ 0.001); with problems related to PE increasing with age. No Genetic effects on ejaculatory dysfunction P Jern et al significant age effects could be found for DE (r ¼ À0.030, NS; F ¼ 3.356, P ¼ 0.067). Generally, items from the PE factor tended to have significant but very weak associations (both in terms of correlations and effect sizes) with age, whereas items from the DE factor showed no such tendency. The associations between age and all variables can be seen in Table 3 .
Genetic modeling
The phenotypic correlations for both factor solutions were rather modest. As expected, there were indications of significant genetic effects on PE, but not DE, in the two-factor solution. The phenotypic correlations are presented in Table 4 . As the correlations of the r g ¼ 1.0 group were slightly larger than twice the correlations of the r g ¼ 0.5 group, models testing for genetic dominance were also fitted to the data. However, no significant effects of genetic dominance were detected. The full model fitting analyses revealed a significant familial effect (that is, evidence of either additive genetic or shared environmental influence). A summary of the model fitting analyses of the full models can be seen in Figure 1 . As expected, moderate genetic effects (28%) were present for the PE factor in the two-factor model, but not for DE. The full model suggested no additive genetic effects for DE, instead a weak shared environmental effect could be distinguished. For both phenotypes, unique environmental effect accounted for most of the variance.
When nested models were tested against the full model, a different picture emerged. The results from these analyses can be viewed in Table 5 . For the twofactor solution, the A component cannot be dropped without a significant decrease in model fit in the case of PE, unlike the case of the C component, which could be omitted without jeopardizing the adequacy of the model's fit. For the DE factor, on the other hand, both familial components could be dropped without significantly reducing model fit; contrary to the finding of Jern et al., 10 where a both the A and C components could be dropped, but not simultaneously. However, the fact that the AE model is approaching significance for DE in a clearly more striking fashion than the CE model does suggest that the general tendency of these results is in line with the results of the previously mentioned study.
Discussion
The results of this study advocate the use of a twofactor solution, such as the one presented in Jern et al. 10 From this follows that PE and DE may not necessarily be the opposite extremes of a distribution as a function of latency time, but two separate conditions with distinct etiologies. From an evolutionary point of view, this makes sense in that PE could be (or have been) beneficial under some circumstances, thus making PE a genetic adaptation, 23 whereas DE would be completely maladaptive. Thus, there is reason to expect genetic effects for PE, but not for DE.
A significant genetic effect was detected for PE, confirming the hypothesis of Waldinger et al. 9 in accordance with the findings of Jern et al. 10 This finding, together with other recent discoveries relating to the neurobiology of PE, 7 suggests that there is reason to be cautiously optimistic about identifying specific genes or polymorphisms that are associated with PE. These could be effective either directly, or indirectly, by mediation of hormones such as estrogen or testosterone. Endocrine factors have been recently associated with both PE and DE. For example, elevated testosterone levels were more prevalent in PE patients in 25-to 40-year-old Italian men, whereas decreased levels of testosterone were associated with DE in 55-to 70-year olds. Genetic effects on ejaculatory dysfunction P Jern et al
In addition, estrogen may have a mediating role in ejaculatory function. 7 Waldinger and Schweitzer 24 hypothesized that genetic effects would have a larger role in the development of lifelong PE, whereas other etiological factors would be the main causal factors of the other three PE subcategories. In other words, a strong genetic etiology should be more likely in men with IELT values of less than 1-1.5 min, which coincides with the 0.5 and 2.5 percentiles of the IELT in the general population. This would mean that genetic effects would be influential only in a rather small minority (2%) of cases of PE. The finding of some evidence for a genetic influence on PE is concordant with Waldinger's idea that only a small part of the men suffering from PE (that is, men with lifelong PE and IELTs o1 min) have a genetically determined dysfunction. The other men complaining of rapid ejaculation, but with IELTs of more than 1.5 min, probably do not suffer from a genetic form of PE but from one of the other subtypes of PE. The evidence for genetic effects in the present study applies to the whole range of variation in PE measured using a number of difference indicator variables. In future studies, it could indeed be worthwhile to investigate genetic effects separately for different indicators of PE and DE, in addition to comparing genotypes of patients suffering from lifelong PE to controls.
Effects of age on PE have been recently dismissed in a number of studies. In his review article, Rosen 12 reported that prevalences for PE were stable across age levels, whereas Waldinger et al. 17 found that ejaculation latency time actually seemed to decrease with age. In this study, the results of Waldinger et al. 17 were replicated in that problems related to PE showed a tendency to increase slightly with age. However, although significant, the effects of age in the present study were very weak, and probably negligible in practice.
In conclusion, the findings of the present study confirmed the existence of a moderate (28%) genetic effect on PE, with environmental effects unique to the individual accounting for most of the variance. No significant familial effect could be detected for DE. Age was significantly associated with PE, although effects of age were generally very weak.
